This paper studies an alternating renewal process when on-off times are random fuzzy variables. We provide a theorem concerning the long-term average expected service times of customers. Here, we do not use the α 0 -pessimistic value and the α 0 -optimistic value of fuzzy variables, we simulate the expected value of random fuzzy variables based on fuzzy simulation to calculate the long-term average expected service times of customers per unit time. Some examples is provided to illustrate the results.
Introduction
The alternating renewal process is one of the renewal processes in renewal theory. It is widely used in inventory systems and queueing systems. In classical alternating renewal processes, one of the assumptions is that the on times and off times are independent random variables. The notion of a fuzzy set was introduced by Zadeh [1] who defined it as a generalized characteristic function. Recently, fuzzy set theory has been widely developed and used to renewal processes. Popova and Wu [2] studied renewal reward processes with random fuzzy interarrival times and rewards. The concept of random fuzzy variables provided by Kwakernaak [3] , [4] and Puri and Ralescu [5] is a particular fuzzy set. Using random fuzzy theory introduced by Liu and Liu [6] , Shen [7] established an alternating renewal process with two states: on times and off times. They provided a theorem on the limit value of the average chance of a given random fuzzy event in terms of system being on at time t by letting on times and off times be random fuzzy variables. As another extension of classical alternating renewal processes, an alternating renewal processes only with fuzziness is established in this paper by characterizing the on times and off times as unrelated convex fuzzy variables. In section 2, we introduce some basic definition about possibility measure and random fuzzy variables. In section 3, we discussed about fuzzy alternating renewal process and some theorem is proved. In section 4 we illustrate the fuzzy simulation and in section 5, some examples is described. 
The details about the possibility measure and the necessity measure can be found in [9] . 
Proof. If ξ is normalized, i.e., there exists a real number r 0 such that µ ξ (r 0 ) = 1 and if r 0 > 0, then the equation (2.7) can be rewritten as
The same result can be obtained when r 0 > 0.
Definition 2.8. A random fuzzy variable is a function from the possibility space (Θ, P(Θ), Pos) to the set of random variables.
Definition 2.9. Let ξ be a random fuzzy variable on the possibility space (Θ, P(Θ), Pos). Then the average chance of random fuzzy event ξ ≤ 0 is defined as
Random fuzzy alternating renewal processes
Consider a system that can be in one of two operating states: on or off. Initially, it is on and it remains on for a time ξ 1 ; it then goes off and remains off for a time η 1 ; it then goes on for a time ξ 2 ; then off for a time η 2 , and so forth. Without losing generality, suppose that ξ i , i = 1, 2, ... are random fuzzy variables defined on possibility space (Θ i , P(Θ), Pos i ) and η i are random fuzzy variables defined on possibility space 
and 
Conditioning on the time of that last renewal prior to or at time t yields P 1 (t) = Pr{process A being on at time t|S A = 0}Pr{S A = 0}
Pr{process A being on at time t|S A = y}dF S A (y)
and P 3 (t) = Pr{process C being on at time t|S C = 0}Pr{S C = 0}
Pr{process C being on at time t|S C = y}dF S C (y),
where S A represents the time of the last renewal prior to or at time t in process A, S C the time of the last renewal prior to or at time t in process C, F S A (y) the distribution function of S A and F S C (y) the distribution function of S C . It is clear that
Furthermore, using the result of stochastic alternating renewal processes the theorem is proved (see [7] ). 
and
We are concerned with P on , the long-run proportion of time that the system is on. If we let Ch{system being on at time t} = 1 2
By Theorem 3.1,
Furthermore, it follows from the definition of the limit that there exist two real numbers t 1 and t 2 with t 1 > 0 and t 2 > 0 such that for all t ≥ t 1
and for all t ≥ t 2
Therefore, for any t ≥ max(t 1 ,t 2 ),
From Fatou's lemma and (3.28), proof is completed.
Fuzzy simulation
In order to evaluate the expected value of a fuzzy variable, Liu and Liu [8] designed a fuzzy simulation for both discrete and continuous cases. (a) Discrete fuzzy vector: assume that f is a function, and ξ = (ξ 1 , ..., ξ m ) is discrete fuzzy vector whose joint possibility distribution function is defined by Let a i = f (u i ). Without loss of generality, we assume that a 1 ≤ a 2 ≤ ... ≤ a n ,then the expected value is given by
where
where (µ 0 = µ n+1 = 0) for i = 1, 2, ..., n.
(b) Continuous fuzzy vector: assume that ξ is a continuous fuzzy vector with a possibility distribution function µ. In this case, we can estimate the expected value by the formula (4.32).
Application Examples
Now, for illustrating the method, we consider some examples. We present an application practical of this model how using fuzzy simulation method to estimate the expected value. 
We used fuzzy simulation method from section 4 and obtain the following results in Table 2 and Figure 2 .
It is obvious, that the long-run average expected on times with fuzzy simulation is equal 0.2837 after 50000 times iteration. In this method we obtain the real solution without using α-cuts and interarrival arithmetic. This is an advantage of this method. Then the long-run average expected off times is equal 1-0.2837=0.7163. In this paper studied an alternating renewal process when on-off times are random fuzzy variables. A theorem about the long-run average expected on times is proved. We simulated the expected value of fuzzy random variable to calculate the long-term average expected on times per unit time. We can improve the solution with increasing the number of iterations or improveing the random numbers in simulation algorithm
